The results show that a traditional exercise programme, supplemented with whole-body vibration training, improved balance in women with fibromyalgia. This may represent a key factor for falls prevention in this patient group.
IntRoductIon
Fibromyalgia (FM) is characterized by chronic widespread pain, mainly in musculoskeletal structures, and multiple additional clinical features, such as fatigue, disrupted sleep, and poor physical fitness (1) . Patients with FM also report significantly lower perceived functional ability and impaired postural control compared with matched controls (2) . Patients with FM report significantly more falls than healthy controls (2, 3) . A survey of 2,596 people with FM identified balance problems as one of the top 10 most debilitating symptoms, with a reported prevalence of 45% (4) .
the motor control problems displayed by patients with FM (5) have been suggested to be associated with specific clinical findings, such as reduced muscle strength, sensory or motor deficits, and suboptimal muscular coordination (2) . The peripheral and central communication system impairments in these patients can also give rise to vestibular signalling dysfunctions (6) . In fact, impaired balance in FM could be due to an altered perception or interpretation of audio-vestibular signals (7) . It has also been suggested that FM affects dynamic balance control, as examined with dynamic posturography, with up to 34% of FM subjects scoring below the fifth percentile for population norms on sensory organization conditions (8) . Again, this may be due to altered somatosensory inputs to the central nervous system.
there is now fairly strong evidence that exercise is effective in the treatment of the signs and symptoms associated with FM, and in improving patients' overall physical condition (9) . Regular resistance training is advised as an effective intervention to counter reduced motor ability, as a consequence of a reduction in strength, power, muscle mass, bone mass, and postural stability. However, despite the limitations reported above, balance training is generally not included in FM treatment.
Given that patients with FM have impaired balance and are at a higher risk of falling, it follows that one of the major thera peutic objectives should be to stimulate the neuromuscular system in order to develop their proprioceptive capacity. To this end, researchers have begun to explore the effects of a wide range of exercise techniques that extend beyond more conventional exercise training modes. In recent years whole-body vibration (WBV) training has raised interest for its potential benefits.
WBV is considered an efficient alternative for administering conventional resistance training to older individuals, which would also avoid excessive load on lower limb joints (10) . numerous studies have considered the effect of WBV on balance and functional mobility (11) (12) (13) (14) (15) (16) (18) . The literature reports are mixed, and inconsistent results are found. some studies found little or no effect on postural control following WBV training (10, 19, 20) . Although the efficacy of WBV training on neuromotor function in older adults remains controversial (21) , some authors have suggested that the improvement in these outcomes could be ascribed either to an enhancement of neuromuscular performance, in terms of improved muscle reflex (11, 12, 22) or to neurogenic adaptation, such as better synchronization of motor unit activation. It has been argued that greater synchronization of motor unit activity is in response to the vibrations or increased muscle spindle activation (23) , which may be important, as these mechanisms are also responsible for the automatic postural response (24, 25) .
Although some trials have demonstrated positive effects of WBV, the converse has also been reported (10, 11, 14, 21, 22, 26) . A major reason for the inconsistency in the results of WBV could be the heterogeneity in study designs, a range of different WBV protocols are used in the literature. Furthermore, the patient population used in different studies varies (for example with respect to disability level), which may influence the response to treatment. despite this, some preliminary research has suggested the potential benefit of WBV in populations with different chronic diseases (21, 27) , and although WBV has been used in the treatment of a number of disorders (14, 28) , few studies have specifically addressed its potential benefits for the treatment of FM syndrome. A number of researchers have combined WBV with traditional physical exercise programmes, reporting improvements both in FM symptoms (pain and fatigue) and in overall quality of life (29) (30) (31) , but to our knowledge little research has addressed the efficacy of WBV as a means of improving balance and maintaining stability in patients with FM (32, 33) . gusi et al. (32) , with 3 weekly WBV sessions comprising 6 sets of 45-60 s at 12.5 Hz, reported improvements in balance using a short-term WBV programme, sañudo et al. (33) reported similar results with WBV combined with traditional exercise after a 6-week programme (3 sets of 45 s at 20 Hz-3 mm and 4 sets of unilateral squats at 20 Hz-2mm). The few published studies note the ability of WBV to improve dynamic balance, although the mechanisms of action are not well understood (32) . Further studies are therefore needed in order to determine how specific balance interventions can improve motor control and postural balance impairments in FM.
gusi et al. (32) have emphasized the importance of developing new studies to assess different vibratory devices (i.e. those with tilt or up and down mechanisms). It is also important to note that in both gusi's and sañudo's studies a rotational platform was used and, to date, no studies have analysed the effect of vertical platforms in this population group. sañudo et al. (33) also highlighted that the addition of co-interventions makes it difficult to evaluate the contribution of each individual therapy, therefore a more ideal study design may involve each study group performing identical exercises on a WBV unit, with one group receiving vibration with or without additional physical exercise and the other not. The current study addresses this gap in the literature and aims to compare the effectiveness of an 8-week traditional exercise programme supplemented or not with WBV in order to improve body balance and physical function in women with FM.
MeTHods

Participants
Women (n = 46) who met the American college of Rheumatology criteria for classification of FM (34) were recruited to the study from physician practices and local FM support groups in seville, spain. Participants were randomly assigned by using a computer-generated random number sequence to either an exercise training group with WBV (WBVEX; n = 15), exercise group (EX; n = 15), or usual-care control group (cG; n = 16). randomization was undertaken by a member of the research team not directly involved in the recruitment or assessment of patients (c. r.-B.). In addition, the randomization sequence was not disclosed to the researcher responsible for the day-to-day running of the trial (B.s.) until the patients had completed their baseline assessments. none of the participants had previous experience with vibratory training and were excluded if they had 1 or more possible contraindications for a WBV intervention (acute hernia; thrombosis; diabetes; epilepsy; metabolic or neuromuscular diseases; osteoporosis; osteoarthritis; orthopaedic injuries and prosthesis). Participants with respiratory or cardiovascular diseases that prevent physical exertion, or those taking drugs that could interfere with balance control, were also omitted. Finally, women with FM who were receiving psychological or physical therapy were excluded to avoid possible interactions with the present trial. This research was carried out according to the declaration of Helsinki of the World Medical Association and was approved by the university of seville research ethics committee.
Sample-size calculation
the primary outcome measure for this study was change in overall stability index (osI) at the 8-week point. In a previous pilot study conducted in our laboratory (33) improvements of 1.13 (standard deviation; sd 1.12) in osI after combined exercise training and WBV in patients with FM were reported, representing a 17% change from baseline. on this basis, sample-size calculations indicated that 16 participants in each group were needed to show an improvement in osI score of this magnitude, using a power of 0.8 and an alpha level of 0.05.
Outcome measures
Body balance assessment. Body balance assessments were performed using a Biodex F1c stability system (Bss; Biodex, Inc., shirley, ny, usA), which consists of a dynamic balance platform that allows simultaneous movements around the anterior-posterior (AP) and medio-lateral (Ml) axes. The reliability and validity of the Bss has been demonstrated previously, with research reports demonstrating intra-class correlation coefficients (Icc) ranging from 0.43 to 0.95 for the Bss (34) (35) (36) , with osI reported as the most reliable measure of dynamic balance. The Bss measures, in degrees, the tilt about each axis during dynamic conditions and calculates a Medio-lateral stability Index (MlsI), an Anterior-Posterior stability Index (APsI), and an osI, which is a composite of the MlsI and the APsI. The Bss also calculates the mean position for the patient during all motions throughout the test, which is referred to as the Mean deflection (Md).The Anterior-Posterior Mean deflection (APMd) and the Medio-lateral Mean deflection (MlMd) were included as dependent variables. A higher score in all these outcomes indicates poorer balance.
The Bss device has 8 levels of stability (1) (2) (3) (4) (5) (6) (7) (8) ; it is more difficult to maintain balance at level 1 than at level 8. All measurements were performed at the fifth level of stability, which has previously been reported to be appropriate in this patient group (33) . In order to assess balance, patients were asked to stand on the Bss device for 1 min. during the assessment period, the platform began to move freely and simultaneously calculate the degree of tilt about both axes (AP and Ml). All postural balance measurements were repeated 3 times and the mean was used for the analysis. The tests were performed in two different phases; in the first phase, patients kept their eyes open (visual control) and in the second phase, participants kept their eyes closed.
Lower-body dynamic strength. In order to determine the lower-body dynamic strength, participants were asked to perform as many repetitions as possible of a half squat exercise (using a multipower device with guided weight) in 1 min quantified by the system of measurement of dynamic forces t-FoRcE system ® (ergotech consulting, spain). Prior to assessment of the test, subjects underwent a familiarization session in order to practice proper lifting technique. The movement begins from a standing position, and participants were asked to bend their knees to 120º flexion and then return to the upright position.
Procedures
Participants were randomly assigned to the WBVeX and eX groups performed twice-weekly exercise sessions of 45-60 min duration for 8 weeks. each session (community-based supervised intervention) included 10 min of warm-up activities (slow walking, and gentle movements of progressive intensity, e.g. arm swinging); 10-15 min of aerobic exercise at 65-70% of maximal heart rate (Hr max ), 15-20 min of muscle strengthening exercises (1 set of 8-10 repetitions for 8 different muscle groups, with a load of 1-3 kg), and 10 min of flexibility exercises (1 set of 3 repetitions for 8-9 different exercises, maintaining the stretched position for 30 s). strengthening and flexibility exercises focused on the main areas of pain in patients with FM (deltoids, biceps, neck, hips, back and chest). In addition WBVeX participants performed 3 individual-based WBV training sessions per week using a vibrating platform (Power Plate, north America Inc., northbrook, usA). Participants were asked to stand on the platform on 2 legs, with both knees in 120º isometric knee flexion, as measured by a goniometer and with the trunk upright. Participants were then exposed to a vibration frequency of 30 Hz and a peak to peak displacement of 4 mm (71.1 m/s -2 ≈ 7.2 g). To ensure maximum comfort all subjects wore sport shoes for the vibration exercises. The intensity of vibration was chosen based on previous literature, where 30 Hz has been shown to induce maximal muscular electrical activity (37) . Each session consisted of 6 sets of 30 s, with 45-s recovery between sets (with participants standing with both feet on the platform), and 4 sets of 30 s of unilateral (i.e. single-leg) static squats. Participants completed 30 s of the exercise with the right leg and then immediately completed 30 s on the left leg, and this was considered one set. The vibration intervention progressed as indicated in Table I . The assessment of all outcomes was performed before and after the 8-week intervention in all groups.
Statistical analysis
All analyses were performed using PAsW 19.0 software (sPss Inc., chicago, Il, usA). Mean and standard deviations were calculated for each variable. A normal distribution of quantitative data was assessed by means of the Kolmogorov-smirnov test (p > 0.05). Baseline features were compared between groups, using analysis of variance (AnoVA) test for continuous data, and χ 2 test of independence for categorical data. An intention-to-treat analysis of covariance (AncoVA) was used to assess differences between groups, with the pre-intervention value as covariant, group as the inter-group variable, and the post-intervention value as dependent variable. The statistical analysis was conducted at a 95% confidence level. In all analyses a p-value lower than 0.05 was considered as statistically significant.
resulTs
A total of 38 women completed the 8-week intervention and were included in the analysis. one patient in the WBVeX group, one in the EX and 5 in the cG group dropped out of the study. reasons for drop-out included the following: illness (2), personal reasons (2), and, in the cG, 4 patients were lost to follow-up and did not complete the trial (Fig. 1) . Hence, follow-up data were available for 38 women, whose characteristics are presented in Table II . compliance with the exercise interventions was excellent, with women in the WBVEX group attending a mean of 31 of 40 (77%) sessions and women in the eX group attending 19 of 24 (79%) sessions. groups were comparable at baseline with respect to age, weight, and height. In addition, at baseline there were no between-group differences in any outcome measures (all p-values > 0.05), except for MlMd with open eyes between both experimental groups (p = 0.02). Table III summarizes pre-and post-intervention data for all groups.
Balance assessment has an intrinsic variability, thus the standard error of measurement (seM) was calculated with pre-intervention data of the whole sample (sd/√ sample size) for all the variables in order to determine if group differences could be provoked by an inherent error of the balance data (low levels of seM indicate high levels of score accuracy). seM had significantly lower values than changes obtained after training, which suggests that these changes were induced by the intervention and not related to an inherent error of the equipment. In table III it can be seen that the 8-week intervention of exercises and WBV resulted in a statistically significant improvement in MlsI, and Bonferroni-adjusted post-hoc comparisons between all 3 groups indicated statistically significant differences for the WBVEX over the EX group (p = 0.014) and over the cg (p = 0.029), when the eyes were open. In addition, significant improvements were noted in MlMd with open eyes. Table IV shows that the effect size of these improvements was large for Fig. 1 . Flow of participants through the trial. enrolment, randomization and retention of study sample. MlsI (r 2 = 0.29) and MlMd (r 2 = 0.32). no other statistically significant difference in the balance outcomes was found.
regarding lower-limb strength, non-significant differences were found in the number of repetitions performed in 1 min at baseline. However, after the 8-week intervention, significant inter-group differences were found between the WBVEX and the cg. While the participants in the experimental groups with or without vibration training remained stable, participants in the cg experienced deterioration in this outcome (17.37%), although inter-group differences were not found. dIscussIon the aim of this study was to assess the changes in body balance and functional performance following an 8-week exercise programme supplemented or not with WBV in patients with FM. this study showed that, compared with the cG, the WBVEX group presented improved functionality and balance after the exercise and WBV programme.
To our knowledge, this study was the first to investigate the effectiveness of an 8-week WBV and exercise programme on postural control in women with FM using a synchronous vibration platform. subjects were trained using a widely adopted commercial vibrating platform, and postural control was assessed by means of Bss. WBV is known to provide significant sensory stimulus, activating the muscle spindles and the sensory receptors of the skin, which are responsible for the muscle contraction. This temporary increase in the muscle activity may also improve proprioception (38) . These mechanisms are also the primary sensory inputs used for postural orientation in space and for automatic postural response (24, 25) .
We now have evidence of the effects of both synchronous and side-alternating vibration (which may or may not be combined with physical therapy) on body balance and physical function in elderly populations (11, 12, (14) (15) (16) . These groups underwent vibration 3-5 times/week for 3-6 min (frequencies 12-30 Hz) for 6 weeks to 3 months, and although significant improvements were reported in chair-rising times (16), balance and gait (11) (12) (13) 15) , there are several inconsistencies regarding the dose-response relationship. It may be the case that greater benefits of WBV training on balance ability might be obtained if these parameters are correctly combined (15) .
Previous studies reported that, after 12 weeks, women with FM who performed WBV training (12.5 Hz-3 mm; 3 times per week) demonstrated improvements in dynamic balance that were not seen in control patients who maintained usual daily activities (32) . recently, our group of researchers also investigated the effects of a combined exercise/vibration programme (aerobic, strengthening, and flexibility exercises twice weekly, plus WBV training consisting of bilateral and unilateral static squats performed on a side-alternating vibration platform 3 times weekly) or a traditional exercise programme (33) . The group engaged in the 6-week traditional exercise programme with supplementary WBV improved their MlsI, suggesting WBV may impart additional balance benefits when combined with traditional mixed exercise programmes. This is consistent with the results reported in the current study, where MlsI and MlMd improvements were seen when performed with open eyes. The maintenance of balance depends on the interaction of multiple sensory systems. one possible explanation for the lack of effect with closed eyes may be the lack of peripheral-central communication and the disturbances in vestibular signalling suggested in FM (6), which may have limited the effects of WBV. Furthermore, the training programme was conducted with opened eyes and only the assessment was carried out with modified visual input; therefore, no specific adaptations with closed eyes were expected.
These additional benefits achieved in this study may be due to differences in the type of platform utilized. The one used in this study oscillates uniformly up and down, in contrast to the platform used in the previous studies, where the WBV platform oscillates through the medial axis. With rotational vibration, the platform rotates about an anterior-posterior axis; consequently, positioning the feet further apart results in increased amplitude of movement and applies force asynchronously to the left and right foot. With vertical platforms the vibration is spread vertically and symmetrically, causing simultaneous movement of the lower extremities in the same direction.
It is interesting to note that only improvements in mediolateral stability with open eyes, but not in the anterior-posterior sway, were found in the current study. one possible reason for these findings could be (as reported above), that the type of vibration selected for this study (synchronous vibration) instead of the side-alternating vibration, employed in the aforementioned studies may be different and may selectively influence the electromyographic activity (eMg) of the affected muscles. side-alternating vibration is capable of producing the highest EMG activities, and moderate vibrations in the X-direction have been demonstrated, while synchronous vibration induced very stable vibration patterns (which moved only in the vertical direction) (39) . In fact, previous studies reported non-significant effect using the device manufactured by Powerplate, which generates synchronous WBV (10, 19, 20) . It was hypothesized that the added instability from sidealternating vibrations may pose a more challenging training condition for medio-lateral postural control (40) ; however, the findings of this study demonstrated that improvements in this axis can also be achieved with synchronous WBV. given the findings in the literature and the current study, the question that arises is why none of the studies have reported benefits in anterior-posterior sway. Again, the possible reason may be that the acceleration in the z-direction with both vibratory platforms is low. studies assessing the changes in the position while performing the exercises are warranted, as all studies investigating balance in standing on both legs reported no significant results. conversely, all studies evaluating singleleg-standing balance favoured WBV (40) . WBV training has also been associated with increased muscle strength in the lower limbs (13, 15) . Previous researchers have demonstrated that women with FM exhibit reduced functional performance and lower limb muscle strength (3, 41, 42) , which has also been related to reduced postural control and balance confidence (2) . reduced muscle strength influences functional activities and has been identified to modify the risk of falls (43) . góes et al. (3) determined the relationship between muscle strength and falls in women with FM, and reported deficits in lower limb muscle strength, balance and agility in 16 women with FM compared with 16 healthy controls. However, some researchers have found improvements in balance and motor control (one-legged stance) in response to multimodal exercise programmes with a significant strength training load for patients with FM (44); these strengthening effects were also reported after 6-weeks' exercise/WBV training in this patient group (31, 33) . The results of our current study showed that participants in the WBVEX group did not improve their lower-limb physical function after the intervention, which might be due to a remodelling of the central balance control circuits rather than to strength gains. the current study is limited by the sample size related to the primary outcome, at the end-point of the study only 38 participants were available for evaluation. This large attrition figure (17%) should be taken into consideration when determining sample size at the outset in future studies. When evaluating the benefits of exercise for people with FM, it is important to consider possible adverse effects of exercise, such as an increase in symptoms (e.g. pain, stiffness and fatigue) and musculoskeletal problems. This study, however, demonstrated that WBV training is a safe (no adverse effects), suitable (no drop-outs due to the intervention) and effective (increased lower-limb muscle strength) way to exercise the musculoskeletal system, and potentially a feasible intervention for those patients who cannot participate in conventional strength training. despite the limitations of this study, the improvements recorded in postural balance are encouraging, and suggest that WBV may be a viable alternative to exercise training to improve body balance among people with FM.
